Results
Transcription factors belonging to the basic helix-loophelix (bHLH) family of factors are important regulatory components in transcriptional networks of many developmental pathways such as neurogenesis, myogenesis and other morphogenic processes (Jan and Jan, 1993; Littlewood and Evan, 1995) . Within this family, bHLH/PAS proteins are characterized by the presence immediately after the bHLH domain of the 200±300 amino acid PAS (Per-Arnt-Sim) domain, a direct repeat of 50 hydrophobic amino acids, originally identi®ed in the product of the period gene of Drosophila melanogaster, the aryl hydrocarbon receptor nuclear translocator (ARNT) gene of mammals and the product of the fruit¯y single-minded gene (Nambu et al., 1991) . These repeats, named PAS-A and PAS-B, serve to mediate protein dimerization speci®city between other PAS proteins, small molecule binding and interaction with non-PAS proteins (Dolwick et al., 1993; Huang et al., 1993; Coumailleau et al., 1995; Fukunaga et al., 1995; McGuire et al., 1996; Carver and Brad®eld, 1997) . Among these bHLH/PAS genes, single minded is clearly important for development acting as a master regulator of central nervous system midline cell development in Drosophila (Crews, 1998; Crews and Fan, 1999) .
We have isolated the Xenopus homologue of the Drosophila single-minded gene, which also represents the ®rst bHLH/PAS protein identi®ed to date in Xenopus. The xSim cDNA sequence analysis reveals an open reading frame of 2282 bp that encodes a protein of 760 aa with a calculated molecular mass of 86.4 kDa (Fig. 1A) . In good agreement with the predicted molecular mass, the in vitro translation of full length cDNA gives a product of approximately 90 kDa ( Fig. 2A) . Comparison of this full length cDNA to the database revealed greatest homology with the Sim family members especially in the amino-terminal half of xSim (aa 1±334) that contains the bHLH-PAS region (Fig. 1A) . In this conserved region the percentage of identity is 96.4, 90.4 and 72.6 for mSim2, mSim1 and dSim, respectively. If the non-conserved C-terminal region is included, (00)00468-8 www.elsevier.com/locate/modo identity percentages of overall proteins fail to 68, 50 and 41 for mSim2, mSim1 and dSim, respectively. The highest percentage of identity in the conserved region was observed with the mouse mSim2 protein with most notably 100% aa identity in the bHLH and PAS-A motifs. Regarding the carboxy-terminal region of xSim (aa 335±760) only 38.6% identity was detected with the murine mSim2 protein and no obvious identity was observed with mSim1 and dSim. A phylogenetic analysis con®rms that xSim is closely related to the Sim2 group (Fig. 1B) . In conclusion, these results strongly suggest that xSim is the ortholog gene of mammalian Sim2.
Temporal expression of xSim during Xenopus embryogenesis was analyzed by RT-PCR. Signals obtained at every stages considered (stage 3±35) revealed both maternal and zygotic (from stage 9) expressions (Fig. 2B) . Spatial expression analysis of xSim was performed by whole-mount in situ hybridization and subsequent histologicals sections (Fig.  2C ). In agreement with the RT-PCR analysis, xSim transcripts were detected at all stages analyzed. At segmentation stages, mRNA was ®rst found in the animal hemisphere and later on in both the animal cap and marginal zone cells of blastula and early gastrula stages (Fig. 2C,a±c,f,g ). At neurula stages expression was prominently detected in the neurectoderm and ectoderm (Fig. 2C,h ). At this stage some weak expression level was also detected in the paraxial mesoderm (Fig. 2C,h ). At late neurula stage, xSim expression was mainly visualized in the neural tube (Fig. 2C,d ). In tailbud embryos (stage 35), xSim transcripts were clearly distributed in the brain, optic vesicles, cement gland, branchial arches and somites (Fig. 2C,e) . Furthermore transverse and sagittal sections of tail bud stage embryos (stage 30) clearly emphasized the strong expression detected in the brain, optic vesicles and in the spinal cord (Fig. 2C,i±k) . This expression pattern is similar to those observed in fruit¯y, mouse and chicken where expression of Sim family genes has been observed in the central nervous system and somites. (Pourquie Â et al., 1995; Ema et al, 1996a,b; Crews, 1998) . However it is noteworthy that this xSim expression pattern is wider than in Drosophila where it is restricted to the midline of the central nervous system (Crews, 1998) .
Materials and methods
A combination of murine Sim1 and Sim2 cDNA fragments covering the bHLH/PASA regions and obtained by PCR from mSim1 and mSim2 clones (provided by Professor Fujii-Kuriyama) were used as probes for a low stringency screening (Sambrook et al., 1988 ) of a Xenopus stage 17 cDNA library (kindly provided by Prof. Kintner). cDNA inserts were cloned into the EcoRI site of pBluescript and sequenced. The 5 H coding sequence was obtained by 5 H RACE-PCR using a mix of total RNAs extracted from various embryonic stages and the Marathon cDNA Ampli®cation Kit (Clontech). The 5 H PCR fragment was subsequently sub-cloned to give in ®ne the pBluescript/ xSim construct. pGemTeasy/xSimCt construct, used for in situ hybridization, was obtained by subcloning the Cterminal region (aa 328±503) of xSim into pGemTeasy vector (Promega). In vitro translation experiment was performed as previously described (Coumailleau et al., 1995) .
Total RNA from whole embryos was extracted by the Ema et al., 1996a,b) , murine Sim1 (mSim1, Ema et al., 1996a,b) and DrosophilaSim (dSim, Crews et al., 1988) . Conserved amino acid residues are highlighted. Dashes, deletion to maximize the sequence identity. xSim primers used in RT-PCR are underlined. Schematic representation of xSim protein is represented on top of the sequence. HST, high homology region between HIF1a, (Hypoxian-inducin factor 1a), Sim and Trachealess. (B) Evolutionary relation between xSim and other Sim members: dSim, mSim1, mSim2, hSim1 and hSim2 (Chrast et al., 1997) . Comparison and phylogenetic tree were performed using the Clustal W method (Thompson et al., 1994) .
acid guanidium-phenol-chloroform method and cDNA synthesis using 2.5 mg RNA performed as previously described (Chomzcynski and Sacchi, 1987) . PCR were performed using speci®c primers in the C-terminal region of xSim (5 H -TGTGAACTACGTACTCACG-3 H and 5 H -GGAGGAGAGCTTGGAACA-3 H ; 30 cycles at 948C for 1 min, 558C for 1 min and 728C for 1 min) or ODC primers (5 H -GGGTGCCTACACTGTTGCTGCA-3 H and 5 H -TCCA- 
TTCCGCTCTCCTGAGCAC-3
H ). Whole-mount in situ hybridization was performed on embryos as described by Harland (1991) . Anti-sense probe was synthesized using the matrix pGemTeasy/xSimCt linearized by SacII and the Sp6 RNA polymerase. For histological examination stained embryos were embedded in Paraf®n and cut into 20 mm sections.
